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1n.order to  determine the aerodymnlc effects of an auxiliarg 
belly &el tank on t he  Grumrruzn F8F-1 airplane, a dnd-tunnel inreati- 
gation was made on a l/fj-scale model of the Grumnaan XF8F-1 airplane. 
Pitch  and yaw tests were =de With the model in the cruising and 
landing  configurations for windmflling and take-off sower condi- 
tions. Tuft studies an& static-pressure meaauramnts were- also 
made t o  determine the f l o w  characteristicR in the r e g i a  cf the 
fuel tank. 

It was found that, at low speed, the auxiUar=g fuel tank 

test  conditions,  eapecially with power on fn the. landing configura- 
t i o n  at hi& lift coefficiente. The e ta t ic  directfonal stability 
was decreased f o r  most test  conditions, but the addition of a 
fairing Between the fbelage and fuel tank improved the di.mctiona1 
stability  slightly in the pover-on cleas condftion. The effectfve 
dihedral and lateral force were increaeed f o r  most of the conditions 
tested. The tuft studies and pressure measufemnta indicated that 
the removal of the eway braces would improve the.flow character- 
istica  considerably in the regton of the Fuel tank ejrd m3ght also 
decrease the buffeting of the belly -tanB: at hi& speeds. 

8lightu inrproved. the &&tic bwitudiml B t R k f l f t y  in most of the 
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A t  the  request of the Bureau of Aeronautics, rdnd-tuzmel t e s t s  
were made t o  &etemnfne t h e  effect of an exbernal belly tank on the 
a ta t ic   s tab i l f ty   cherac te r i s t ics  of a 1/5-scala mode l  of t h e  
Grumman XF8E"-1 airplane. 

The need for increasing the range of the preemt-day airplane 
has necessitated camying a por%ion of the fuel i n   a m l i a r y  tariko 
inataYed on the exterior of the airplane. Such Installations, 
i n  some casefl, have had dotrimeatal effects  on the flying qualities 
of the  airplane. 

'This paper presents the results of low-speed stat ic   longi-  
tudhal and lateral s t a b i l i t y  tests, fuel-tank  pre~m.sre-distribution 
measurements and tuf't studies to obtain the effect of a 
WriverEal exkamal belly tank and belly-tank f a i r i n g  on the eta- 
bi l i ty   character ia t fcs  of a 1/5-scale model of tho Grunman XF&F-1 
airplane. 

The reaults of the testa a m  presented. a s  standard NACA coef- 
f fc ienta  of P orces and moments, Rolling-, yawing-, and pitching- 
mcanent coefficients are @veri about the center-of-gravity  location 
shown i n  f l w e  1 (24.611. percent o f  the moan aerodynaaLc chord). 
The data  are referred t o  the s t ab l l i t y  axes, which are  a sptm of 
axe8 having their o r i g i n  a t  the center of gravity and in which the 
Z - a d s  is in  the plane of eymmetry and gerpendAcular to the relative 
wind, the  X-a238 l e  in the plme of symmetry and perpendicular t o  
the Z-afis, and tke Y-axis is perpendicular t o  the plane of symmetry. 
The poe i t ive   a r ec t iom of the &abLLity axes, of angular displace- 
manta of the airplane and control surfaces are shown in figure 2. 
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forces along axes, pounds 

momenta about axes, pound-feet 

propeller effective thrust, pomda 

3 

slipstream Qmam2c pressure, pounds per e q w e  foot 

static pressure at survey e ta t ion  

free-stream s ta t i c  pressure 

~ n g  area (9.76 sq ft on model) 

horizontal t a i l  area (2.06 sq f't on model) 

wing mean aerodgnamic chord (M.A.C.) (1.460 ft on mod.el) 

Tdng span (7.10 ft on model) 

a t r  velocity, feet per second 

propeller Bameter (2.52 ft on r i d e l )  

ma88 denflfty of air, slugs per cubic foo t  

angle of attack of thrust line, degrees 
! 



7 NACA RM no. L6E21 

con-trol-surface deflection, depees 

propeller blade angle at 0.75 radius (20° on md-el) 

tail-ofp aerodynamic-center locatfan, percent wing mean 
aerodynardc chord 

neutral-point location, percent wing lire~n aerodpamlc chord 
(center-of-gravity  location f o r  neutral stability in 
t m e d  fuat) 

SubscriptB: 

@ denotes partfal derivatives coefficient with respect lJ denotes partfal derivatives of. a coefficient with respect 

The belly tank was a l/T-scale ncdel of the "Universal" 
150 gal lon tank that is used on nnueroue other airplanes, and was 
a symmetrical s t r e d i n e  body with a length of 26.40 inches and a 
maldmum diameter of 4.73 inches. The fa5ring between the belly 
t a n k  and fuselage we8 a  aynrmstrical a i r f o i l  section with a maximum 
thickness of 16.4 percent of t h e  chord at t h e  38.4 porcent chord J - 
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point based on an average  chord of 14.6 fnches. The swag bra.ces 
were made from l/h-inch-$iameter tubing. Detalle of t he  be- tank 
and sway braces a r e  ehom on figure 4, Figure 5 shows t h e  belly- 
tank feiring bmkallatior.  

T3e prossure survey on the bel ly  tank and on the mdorsfde of 
the  fuselage in the v ic in i ty  of the bel ly  tank w2s obtained by the 
UBO of 0.035-imh-aimeter  static-preesure tubas placed aprroxJeely 
on0 tube diameter away f’rm and para l lo l  t o  €he surfece. one 
s ta t ion  (distance f rom nose of t e )  was surveyed at a t ino  a f t e r  
trhic3 a Y  the tubes were novod back t o  t h e  next atation. The loca- 
tion of the static-prcssure tubos fs ~ h o m  4 3  figure 6 ,  

All tmts were made with progdler  i m t a l l o d ,  %he gomr baing 
obtainod f’ram a 56-horsopomr e loc t r ic  motor,. the spood of which 
was dctorminod frm an olactric  tachmotor tho accuracy of *ich is  
within 50.2 porcont . 

The modo1 vas tostod i n  tho Langlq  7- by 10-foot tmnel. 
The m o b 1  configmations Tofern-od to in t h e  t o x t  end. in tho f igmoo 
wore as  follows: 

Flaps retracted 
Landing gear re t racted 
Landing-gear door closed 

(b) LandinC configuration 

Flaps  deflected 40° 
Landing gear extended 
Landing-gear koor wen 

No r e s t r i c t ion  was placed upon the, flow of air from t h e  wing 
I n l e t  ducts through the e x i t  openings f o r  KLl the  s tzbf l i ty  tests. 
For t h e  p r e s s u r e - m e y  t e s t s  the flov of a i r  from t h e  nilng W e t  
ducts vas sealed off a t  the oil-cooler exit openings to make the 
test r e s u l t s  more general. Because of time limitations no pressure 
survey t es ts  were run with the f l o w  of a i r  f’rm the wing W e t  
ducts ussealed a t  the oil cooler. 

! 
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The tssts were =de at--QnaxLc preasures of' 6.39, 9.21, 
and 16.37 pounds per square fwt, vhich correspmd t o   a i r q e o d s  of 
about 50, 60, ana 80 mlles per hour. The tes t  Reynolds nmbers 
mre about 6&0,000, 820,000, a r d  1,09,000 bmed on the ~dng  mean 
aeroasnamfc chord of 1 A 6  feet. Became of the turbulence  factor 
of 1.6 for  the tunnel, t h e  effective Reynolds numbers (for maxiram 
l i f t  coefficients) were about l,OgO,OOO, 1,310,000, and lJ'7W,OOO. 

Corrections 

Because of the'presence of the belly tank, the model' was 
t e ~ t e d  in an  invertod position. Wone of the data have been 
corrected  for t a m s  caused by the m,ode& suppwt 8trv . t  Je t -  
boundary corrections have on ly  been appliea to the angles of attack 

tho test dataz 
' an& t h e  drag  coefficients. The following correction mre aadea t o  

8, Jet-boundary correct ion  factor   a t  t h e  wing (0.115) 

C tunnel cross-sectional area (69.59 sq ft) 

Test Frocedure 

The mdol m s  equipped with a propeller having three b k d e a  
illstead of four a s  on the full-scale afrplane. A complete descrfp- 
tion of the propellor plan form, progelier calibration, and the 
variation of effective thrust coefficient with Uf't coefficient can 
be found in reference 1. 

I 

I ' 



The longitudfaal-stabilffq data presented herein were obtained 
tbroupjbont the pitch range with tail off a d  with two stabilizer 
settings for each of t h e  two raodel configmatiom. 

LateraL8Cabilfty derivatives were obtained. from pi tch   t es te  
a t  angles of yaw of by asaudng a stE.ai&t-Une variation 
between those points. The large-spibol point8 on the plots of 
lateral-stabil i ty  derivatives were obtained by msasurjlng slopes 
throu&  zero p w  f'rom yaw t e s t s .  

A t  each angle of atback for pomp-on yaw t e s t s  the propeller 
. . speed m s  held constant  throughout the  raw range. Sfnce L&e lift 

and thrust   coefficients vary xith yaw when the propeller speed 
and. angle of attack a r e  held. conatant, the thru& coefficient i8 ' 

s t r ic t ly   cor rec t  only a t  zero yaw: 

All the tuf't t e s t s  ware made in the crMefng configuratian 
a t  an angle of at tack correapmding t o  e n  amlane Uft coeffi- 
c i a t  of 0.250. 

Tho pressure tosts on tho b e l l y  tank mro mado & tho cruising 
,configum,tion for a t a b - o f f  powor condition. Tho proasuro t e s t s  
m e  mado a t h  tho belly-tank sway bracss off  at life C O a f ? i C i ~ & 8  
of 0.250, 0.365, 0.450, and angles of yaw of Oo and eo. The 
pressure t o s t s  with the s ~ m y  bracos on mro nedo a t  a lift coof- 
f ic iont  of 0.250 and a t  zero yaw. Upon catplotion of tho proesure 
t e s t s  the data obtainea: from tube No. 5 appeared to be ematfc and 
unreliable and  coneequently ere not presented in t h e  report. 

All t h e  t e s t s  were made wit21 th model Inverted ana since no 
tares were applied  the data are   val id  only insofar as increments 
are concernea. The ~ i p  of a l l  coefficient8 and angles a r e  
presented so  tha t  the data mar. be applied to t h e  afrplane s n  the 
usual sense. (See f ig .  2.) 

A l l  the a tab i l i tg  t e s t s  =re run in  p f r a ,  one with the belly 
tank ins ta l led  an& one with the bel ly  tank removed.. The ailerons, 
rwr ,  and elevator8 wore set at 0' f o r  all teats.  
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I. 'Longituainal stability 
A. Stabi l izer   teats ,  elevator Oo . . . . . . . . . . . . .  7 
B. Increment i n  aextral  point and aerodynamic 

center cause5 by belly .t;esk . . . . . . . . . . . . .  8 
II. .Lateral stability 

A. Parameters 
1. E f f e c t  of belly tank and bal- ly-tak 

2. Effect of belly tank, landine; configmation . . .  10 
falrhg, cruieing configwa.t€on . . . . . . . .  9 

In. Pressure survey 
A. Ef fec t  of smg brews, lift coefficieat 

and a w e  of yaw . . . . . . . . . . . . . . . . . .  12 

The effect of  the belly tank on the  Btatic lon@.tuafnal s ta-  
bility of the model, with winamillfng propeller or  tab-off power 
18 t o  Increase tho longitudlnnl s t a b i l i t y  a e l lgh t  amount- f o r  the 
cruising  canfiguration  (fig. 8) . For the lmd.5ng configuration the 
effect  of the belly tank is t o  decrease s l i @ t l y  the 1ongLtudinal 
stabilfty at low 1i9t coefficients and to increww slightly the  
longitudinal stabllZty a t  high l l f t  coefficients. 

The increment 2 n  aerodynamic-centor location owing t o  the 
b e u y  tank (fig.  8) indicates that t h o  tank causes l i t t l e  change 
in t h e  a i r  flow ut the horizontal t a i l  surfaces. 

It should bQ notad  tha.t t h o  pitchhg-In"t coofficionts have 
been referred t o  the kmk-off center-of-mvity location in  order 
t o  obtain the aerodynamic effect of the tank.  Tho t e s t s  indLcated 
that the fuel tank muld pat change the neutral-point  location 
more than 3 percont of the man aerodpmmic chord i n  e i tho r  a 
forward or roarward directiczn. The presence of full belly tank 
w i l l  ahift tho neut ra l -p in t  Locatfan vf th  talco-off power rearward 
approldmatoly 3 porcent of t h e  mean amodpmic chod. T B l s  is 
based on calculations  taking  into account the thrust of tho pro- 
peller and the vertical shift of tho contor-of-gravity 1ocat;ion 
cauaed by tho full bslkv tank. 

I 
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La%eral S tab t l f ty  

The effect  of  &zl exbernal belly t a n k  and belly-tsnk f a i r ing  
on the   l a te ra l - s tab i l i ty  parametere is @vsn fn T i p e a  9 mild 10 
and swmarizod i;l table I. Tne tank-off s t s b i l i t y  parameters Cy+, 

and C2* pressntod fn table I ware ta'mn From reference 2 

where the jet-bomdary an& tare corrections were applied t o  the 
data and the   t a i l   su r f aces   i nab l l ed  011 the nodel. The increments 
in  t h e  l a t e r a l   s t a b i l i t y  Frameters resvlking frm the belly tank 
and belly-tank  fairir-g  presented In thXa table .  were obtained from 
present t e s t  data wt+h the tsil surTaccti re?lw.c.ed. The er"feCt of 
rsmoving the t a i l  B L X ~ ~ B C B B ,  a t  amall m&os of pw, 011 the incre- 
mental values of Cy, C,, and C2 cam& by tho belly tank are 
negligible (fig. ll) . Thus tl;e t c ta l  la te ra l - s tabf l i ty  parameters 
obtained by a W g  the. ta i l -on .parametera (fram rcforcnca 2) t o  tha 
ta i l -of f  increments resul t ing f2m the bel ly  tank and belly-tmk 
fa i r ing  are Just i f f  e&. 

C q p  

The data with take-off .power indicate t k a t  the be l l . .  tenk had 
no appreciable effect on C,; w i t h  the m o d e l  in the landing con- 
figuration (fig. 10 (b) ) ; ho&e?, fn %he cruf8in.g conffgmatim 
the belly .tank cawed a sX&t positive increment in  Cnq, at 
low lift coeff ic i  ts and 
lift coefftcimtseqflig. lo@fy e k i n g  more pcmftivdy a t  hi&er . The acldition of the bollg-+& 
fa i r ing  improved.the di rec t iona l   s tab i l i ty  of the model for the 
cruising configuration and t a b - o f f '  power condition (f ig .  10(b) ) . 

Effectfve dihedral.- The effective dfhodral (C2*= 0.0002 IB 
a p p r o m t e l y  eqxtva1kn.t 'to 10 ofhoc-t;ivi & o e a l )  m a  Wcresad 
about 3/k0 by the' adikLtion of tho b e l l g '  tank f@r bot5 the  crrrtslng 
and landing configurations in the  'windmlllfaag condition {figs. 9(e) 
and LO(a)) . The addftion of tho f n f J i n g  increafmd the of'foctive 
dihedral even m o r e  at hi@ l i f t  coefficients  the cruising con- 
figuratfon  ( the anlg configuration Ln w h l c h  the fairfng was tested) 
and winamilling conhltion (Mg. g(a) 1 . The probable reasm for the 
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The belly tank had no appreciable effect  on. Cz with  tho 
model i n   t h e  landing conf5g;z;lratim with take-off po.c.ier (fig.  10(b) ) . 
In the csn1ain.g configuration with take-ofY? power the b e l l y  tank 
decreased the efTect!.ve ikihedral. No 1ogi.cal reason can be given 
fo r   t h fe  decrease i n  effective  dihedral  except that it mi&t 38 due 
t o  some admrse flow condition  rosulting *an tho slipatream. Tho 
addition of the  bolly-tank fairing in the  cruising  codiguration 
Kith take-off power increased tk_o offoctive  dihedral. 

9 

Lateral   force,-  The belly tank produced a positive increase 
in the lateral-force pmameter f o r  all the conditions  tested 
(pigs. 9, 10, and 11). The reason f o r  t??h increaae in the   la teral-  
force  parameter i e  salfovident i n  that  vlth an increase in  side 
area would be expected t o  increase the l%teral  force. Tho addition 
of t%e f a i r ing  did not  affect t h o  lateral-force pmamoter. 

Air-Flaw Studies 

Tu9t t e s t s  with tank  fairing and 8wa~r bracea on and propeller 
windmilling indicatoa  turbulent f l o w  in t h e  region f'rm the mid- 
point of the belly-tank f a i r i n g   t o  t h e  ond of tho  fafring wule tho 
region Frau tho mMp0in.t of the fa i r ing  t o  t he  noso of t lm faAring 
sli&tly turbulent flow was in5Lcated. The flow unsteedy on 
the belly tank i n  the r e e o n  botwoon t h o  c a t e r  line of tho tank 
and odgo of the belly-tank fairing. Tho t a b - o f f  Po-mr confltion 
showed a. s l igh t  Improvement i n  the air flow. 

The wtnamilling condition with the belly-tank fa i r ing  removed 
&Lsclosed that t h e  regLon of the belly -bank and fuselage  aft  of the 
rear away braces wa~f fn a turbulent flow c o a t i o n .  This turbulent 
flow condition a c c q a n i e a  by buffeting of the fuel tank was also 
obtainea i n  same unpublishea NACA f l i g h t  tuft tests of' an F8F a i r -  
plane with a a lmi la r   Ins taUt ion .  The a3r f l o w  on the s ides  of 
the b e l l y  tank  fncluaing the area butween the be1ly"t;ank center 
line and t h e  rear swag brace t o  the end of t h e  tank was i n  a 
slightly turbulent f low condftion. Applying take-off power had a 
a l igh t  improving effect on t k e  ail--flow  characteristics. 

For the windmilling condition with the f a i r ing  on and sway 
braces removed t b e  tufts fn the r e e o n  f'rm the miQoint of the 
f a i r i n g   t o  the end of the  fatring  indicatod a slightly turbulent 

i 



I 

The tuf't tes ts  vith the belly-tank fair- reaKmed and &&e 
. swag braces removed indicated a smooth flow Codi fSon  on t he  be- 

ta& and k~ the region bekween the belly tank aud the underside of 
the fuselage. 

33 should be noted that t h e  tes ts  were made at law values of 
Regaolds number and Mach nmb8r . Same of the adverse f l o w  cawed 
by the sway brtices  could probabu be aroi6ed by using stremiline 
rather t h a  round sectians the sway traces.  This in tura might 
a l s o  reauco acme of the buf'feting of the belly tank. 

Pressure Diatribution 

The results of the pressure-distribution survey are praaated 
ia figwe 12 as preasure coefffclent plotted agafnet t h e  orif ico 
locatioa f o r  various Uft coefficients and  angles of paw xith t h e  
belly-tank sway braces lnstallod and removed. 

&on the known local low-epoed pressure . coeff lc imta given 
.In figure 12 t he  fli&t Mach rimer a t  which local  sonic speed T ~ U .  
be rea/clle/d on %he beUy tPslk can be eatfmated by mans of the 
van Karman-Tsien method presented i n  referenco 4. Str5.ctJ.y sposkhg 
those curves should not bo wed for es tmtfng  the c r i t f c a l  Mach 
nvmber becatwe the ~ ~ S S U ~ O  coefficient is besed on a free-stream 
dynamic pressure rather than a slipstroam dynamic prossure in ach 
the tank was located. Br us ing  free-stream m c  prosswo fnsbead 
of slipstream dynaic  preesure an increase sf about 5 percent is 
obtabed in calculating the preesure coefficient, whfch in turn 
@Tea a eorrespmtting decreaee 3 n  the c r i t i c a l  B h c h  rrumiber 3n the 
orbr of 5 percent. For convenience fn convert3ag the &ee-stream 
pressure coefficient t o  e l iptream pressure coefficient the r a t io  
of slipstream Qmmic pressure t o  free-stre? clymmic preseure is 
aven on figure 12. The ratfo of slLpstroam d p m i c  pressure to 
free-stream m a m i c  pressure fms based on readbga f'ra a total-head 
tube placed at t h e  nose of the tank. It ie f e l t  with the nmiber of 
statiolls at Wch the static pressure vas R B Z E U Y ~ ~  and t h e  fairlng 
of the c ~ r v e s  that t h e  use 0-9 the curves presanted Iri figure 12 
ia jus t i f ied  in predicting e2promjmRte c r l t f c a l  8peeae. 

The greatest effect of remom tho axmy bracos, shown in 
figure ~ ( c ) ,  was t o  decrease t h e  pressme coefficient *am -1.13 
to -0.09, correaponcling to an Increase. in t h o  critical Mach nlApber 
f r o m  0.57 t o  0.89. The c r i t i c a l  Me ch nmber of  0 -57 obtained fram 
the low-speed pressure measumramts ageee ~nuprisin& woU. with the 



Mach number of 0,39 obtainod frcmNACA fliat t e a t s  in which 
turbulent flow and violent; buffeting were encountered. It should 'be 
pointed out that t h i s  correlation m i & %  be.fortuitous  sfnce  critical- 
meed estlmatlons made fram low-epeed da.ta,by w e  of reference 4 
f o r  bodies having high s h a g  prmsure pe-, as was the cam when 
the sway braces were installed,  may be gveatly in e m o r .  Tae steep 
adverse preesure gradient  which occur8 after the high peak may cause . 
boundary-layor  aeparation  before t h o  critical  Mech number 1s roached, 
whfch is indicated Ln thfs cas0 by the tuft s tuuoa .  

2. The directional s t ab i l i t y  m a  decreamd by S n s t a l l i n ~  the 
be- tank for both cruising and landing configurations with %he 
propeller windnilling. The bel ly  tank lmd no appreciablo  effect 
on the afrectional etabflity in the landing conf'i,wation and 
take-off power condition, but i n  the cru€aing conffguration tho 
directional  stability was decreaeed a t  Mgh l i f t  coofficients. 

3. The addition of the  belb-tank fairing improved the direc-  
tional etab i l i ty  f o r  t h e  power-oh 

4. The effective a ihodml  of 
belly tank and bolly-tank f a i r ing  
+he take-off power condition Wzth 
figuration. 

clean  conditiom. 

' .  
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6 .  The tuft studiea indicated that the  preeence of the sway 
braces  cawed  turbulent flow co"Liom, the adaitioll of a re lat ivoly 
thick  fa i r ing betweon the fwelage and bellg tsnk camed l i t t l e  
fraprovat3n-b in the f k w ,  and the agplication of take-off powr 
cawed a sliat improvement in t h e  flov:, 

7. The sway brace8  caused high sham peek  in the pressure 
dist r ibut ion around the tank. 

Langley Memorial Aeronautical Laborstory 
National Advisory Comitteo f o r  Aeronautics 

Langley Field, Va. 
I 
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Figure 2. - S y s t e m  of axes and control-surface hinge moments and 
deflections. Positive values of  force^, mcanents, and angles 
are indicated. by arrow8. 

Figure 3. - Langley 7- by 10-f oot tunnel installation of 1 -scale 

model of Gmu~man E8F-1 airplane wfth model of 15O-gallcm 
universal external  fuel tank. 

\ 5 

(1) Belly tank, sway bracee, a r ~ I  farring. 

Figure 4.- Inatallation details of belly tank and swag braces. 

Figure 7.- Contfnued. 

(b) Take-off power, cruising configur&tfon. 

Figure 7. - Continued. 

Figure 7. - Concluded. 

(a) Take-off power, land- conffguration. 

Figure 8.  - Incrament in neutral  point an& aerodynamic center due to 
belly tank for a l/?-acale model of the Grumman XFaF-1 airplane, 
elevator f 11036 and tai l  of f .  



2 

Figure 9. - Concluded. 
(b ) Take-off power, crmiaing configuration. 

Figure 10.- Wfect of e x t e r n a l  belly tank on the parameters C 
2*' 

and C of a I/!j-acale model of a Grunnnan Xi@?-1 airplane, 
scl 

tail o f f .  

(b) Take-off power, landing conffguration. 

Figure 11. - Effect of external bel ly  tank on ths aerodynamic 
characteristics in yaw of a 1 / 5 - e c d e  model of a Gr- XI?&-1 
airplasle . 

(a) winwlling, cruisbg configuration, a 11.2'. 

F5gure 11. - Continued. 
( a )  Concluded. 

Figure 11. - Continued. 
(b) Take-off power, cruising configuratim, a = 2.2O. 

u 

Figure 11. - Continued 

(b) Concluded. 

Figure 11. - Continued. 

(c) Take-off power, cruising configuretian, a E ll.Oo. 



XACA RM No. L6E21 - 
F I G W  ~~~ - Continued 

Figurce 11.- Conthued. 

FZgure 11. - Continued. 

Figure 11. - Contfnrted. 

(e) Take-off power, landing conflgvration, a E 10 .OO. 

Figure 11. - Contiaued. 

(e) ConttnuaO. 

Figure 11. - Concluded. 

3 

(e) Concluded. 

Figure 12, - EPfect of sway braces, l f f t  coeff iclent and angle of 
yaw on the pressure coeff ic ient  on an e," belly t ~ n k  
mountea on a 1/5-scale model of a Grvmman XF8F-1 airplane. Take- 
off pow3r (21~0 hp a t  2800 r p m ) ,  cruising condftion; t a i l  off. 

(a) Pressure tube no. 1. 

Figure 12.- Continued. 

(b) Pressure tube no. 2. 

Ffgure 12.- Continued. 

(c) Pressure tube no. 3 .  

Figure 12. - ContPaued. 

I 

(a) Pressure tube no. 4. 

Figure 12. - Continued. 

(e) ~ressure tube no. 5.  

Figure 12. - Continued. 

I 

(f) Pressure tube no. 6. 
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Figure 12. - Continued. 

(g) Pressure tube no. 7. 

Figure 12. - Continued. 
(h) Pressure tube no. 8. 

Figure 12. - Continued. 

( I )  ~ressure tule no. 9. 

Ffgwe 12. - Continue&. 

(j) Preesure tube no. 10. 

Figure 12, - Continued. 

(k) Pressure tube no : 1l. 
Figure 12. - Continued. 

(1) Pressure tube no. 12. 

Ffgure 12. - continued. 
(m) Pressure tube no. 13. 

Figure 12.- Cont5nued. 

(n) Pressure tube no. 14. 

Figure 12. - Concluded. 

( 0 )  Freseure tube no. 15. 
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e e..... 
e .  

X 

R e l a t i v e  wind 

I 

NATIONAL ADVISORY 
C O M M I T T E E  FOR AERONAUTICS 

F i g u r e  2 . -  System o f  a x e s  a n d  c o n t r o l - s u r f a c e   h i n g e  moments and 
d e f l e c t i o n s .   P o s i t i v e   v a l u e s  of  f o r c e s ,  moments ,   and   angles  
are i n d i c a t e d  by a r r o w s .  
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( a }  Belly tank and  sway braces. 

Figure 3 . -  Langley 7 -  by 1 0 - f o o t  t u n n e l  i n s t a l l a t ion  of -- I scale model of 5 



. .  . .  

( b )  Belly t a n k ,  sway braces, a n d   f a i r i n g .  

F i g u r e  3 .  - Concluded.  

,:I 
" 

. .  . .  



,-Fuel line 
i ~ 0 . 2 0  dia. 
ur t Underside of 

Sway Brace Detail 

Note :- Distance between max. - Forward diameter of bell tank z * n 
?- 

P 

z 
0 

and underside o? fuselage 
Is  0.55. 

n 4 r w  mmY z 
CDlSmTELm-lcs - I? 

0, 
X 

w 
to Fiqure 4 .- InsCslIatiorl details , of belly tank and sway braces. 

I 
. .  .. . .. .. . . 
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-c 
,--Underside of fuselage 

... . .. 

/ 

<position of Max. 
4-5. b 1 " thickness of 

f a i r i n g  
A -14.75 " 

30.35 ? 

-Forward NATIONAL ADVISORY 
COnHIllEE FOR AERONAUTICS 

Figure 5.- Bel ly  -tank fairing ins ta l lo t ion.  
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N A C A  RM NO. L6H21 - 
Underside of  fuselage 

t a n  k 

4 Belly - t a n k  and fusel 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

.re 6 - Section l ook ing  r e a r w a r d  at 
p r e j s u r e  tubes pn externa t  bel ly  
t a n k  and underside of fuselage 
o n  a Y5-5cafe mods1 of a 
Grumman XF8F-I cwplane. 
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